Venezuelan equine encephalitis (VEE) virus was purified and concentrated by chromatography of tissue culture supernatant fluids on diethylaminoethyl-cellulose columns. Stepwise gradient elution studies indicated a broad elution pattern for the virus, with recovery occurring from 0.05 to 0.7 M NaCl. Optical density, infectivity, hemagglutination (HA), and complement fixation (CF) assays indicated that complete recovery of input virus in highly purified form was possible. Single-step elution with 0.7 M tris(hydroxymethyl)aminomethane-succinate-salt buffer resulted in a virus volume decrease of 85% with a concomitant increase in infectivity and antigenicity. Recoveries consistently equaled or exceeded 100% of the input preparations. Additional purification of column-recovered virus was obtained by sedimentation of pooled virus eluates on 50% sucrose cushions. Exposure of borate saline and 0.5% histidine suspensions of purified VEE virus preparations to 6 X 106 r of gamma radiation resulted in a loss of infectivity for tissue culture and a loss of lethality for weanling and suckling mice. Inactivation was an exponential function of the dosage. In contrast to infectivity, antigencity (HA and CF) of both saline and histidine preparations was retained after irradiation with doses as high as 6 X 106 r. Purified and irradiated VEE virus preparations have been successfully used for routine serological tests and are being evaluated as vaccines. Bacteriol. Proc., p. 161, 1969). This procedure seemed appropriate for obtaining VEE virus preparations with increased specific antigen concentration and minimal nonimmunogenic constituents. Other studies have demonstrated that a variety of microbial agents killed by ionizing radiation retain greater antigenicity than do preparations killed by chemicals or heat (6, 7, 20, 33) . This method of inactivation also destroys the infectivity of VEE virus while retaining the capacity of the virus to stimulate antibody production (26).
Venezuelan equine encephalitis (VEE) virus was purified and concentrated by chromatography of tissue culture supernatant fluids on diethylaminoethyl-cellulose columns. Stepwise gradient elution studies indicated a broad elution pattern for the virus, with recovery occurring from 0.05 to 0.7 M NaCl. Optical density, infectivity, hemagglutination (HA), and complement fixation (CF) assays indicated that complete recovery of input virus in highly purified form was possible. Single-step elution with 0.7 M tris(hydroxymethyl)aminomethane-succinate-salt buffer resulted in a virus volume decrease of 85% with a concomitant increase in infectivity and antigenicity. Recoveries consistently equaled or exceeded 100% of the input preparations. Additional purification of column-recovered virus was obtained by sedimentation of pooled virus eluates on 50% sucrose cushions. Exposure of borate saline and 0.5% histidine suspensions of purified VEE virus preparations to 6 X 106 r of gamma radiation resulted in a loss of infectivity for tissue culture and a loss of lethality for weanling and suckling mice. Inactivation was an exponential function of the dosage. In contrast to infectivity, antigencity (HA and CF) of both saline and histidine preparations was retained after irradiation with doses as high as 6 X 106 r. Purified and irradiated VEE virus preparations have been successfully used for routine serological tests and are being evaluated as vaccines.
The need for adequate protection of laboratory personnel who have contact with Venezuelan equine encephalitis (VEE) virus has long been established. Early attempts to solve this problem resulted in the development of several Formalininactivated vaccines (24, 22; Smith et al., Bacteriol Proc., p. 59, 1954) and, more recently, in one with live attenuated virus (3) . Unfortunately, the inactivated VEE vaccines either contained residual infectious virus (29) or were so drastically treated as to confer inadequate protection (3, 14) . The live, attenuated vaccine, although conferring good protection in man (14) , causes a significant number of vaccinees to display clinical influenzalike symptoms and leukopenia and to manifest transient electrocardiogram abnormalities (1) .
In attempts to develop a more effective nonviable VEE vaccine, the applicability of two approaches not previously utilized in conjunction was investigated: purification and concentration of virus by chromatography and inactivation by ionizing radiation. Recent (6, 7, 20, 33) . This method of inactivation also destroys the infectivity of VEE virus while retaining the capacity of the virus to stimulate antibody production (26) .
The results of our investigation of purification and concentration of VEE virus and subsequent inactivation by ionizing radiation are presented in this report. Table 2 , derived from the data in Table 1 , shows the per cent recovery of virus infectivity at the various salt concentrations. Essentially all infectivity was recovered by elution through 0.5 M salt concentration. These findings indicated that virus of relatively high purity and concentration might be Absorption spectra analysis was also used to monitor VEE virus purification during chromatography. Optical densities at 260 and 280 nm were determined for representative tissue culture-virus preparations and for their recovered column pools. From these values, 260 to 280 nm ratios were determined and are presented in Table 4 . In each instance, the 260 to 280 ratio increased after chromatography. The mean ratio increase was 0.23. These increased ratios are assumed to reflect purification of the virus from contaminating tissue culture proteins.
Sedimentation on sucrose cushions. Columnrecovered virus was additionally purified by sedimentation of pooled virus eluates on 50% sucrose cushions. Sedimentation was obtained by centrifugation at 27,000 rev/min for 2.5 hr. The thin light-scattering bands recovered from above the sucrose cushions represent highly concentrated and purified virus material. Usually, the final virus preparation was M!oth the volume of the initial tissue culture material. Typical recoveries are indicated in Table 5 Table 6 . Although deaths did not occur in weanling mice inoculated with virus exposed to 4,000,000 and 6,000,000 r, similar inactivation curves indicated potentially live virus in both 4,000,000-r preparations. Intracerebral inoculation of suckling mice confirmed the presence of infectious virus in both saline and histidine preparations irradiated at 4,000,000 r. In contrast, deaths did not occur in newborn mice inoculated with undiluted saline or histidine preparations exposed to 6,000,000 r.
Results of antigenicity assays of saline and histidine suspensions of purified VEE virus are presented in Fig. 3 . In contrast to infectivity, the antigenicity of both saline and histidine prepara- It should be noted here that 77% mean recovery of column pool infectivity represents essentially 90% of the total input virus in purified form.
Inactivation. Ring structure compounds inhibit gamma ray inactivation of viruses, and histidine selectivity protects antigenicity more than infectivity (19) . The loss of infectivity and antigenicity of purified VEE virus as a function of dose of radiation was studied in borate saline and in 0.5% histidine suspensions. Suspensions were irradiated at a constant dose rate (7 X 104 r per min) for such periods that exposures ranged from 500,000 to 6,000,000 r. The virus preparations were maintained in the frozen state during irradiation to minimize indirect radiation effects. Results of representative infectivity assays in tissue culture are presented in Fig. 2 . Inactivation of purified VEE virus was linear, indicating first-order behavior of the reaction. Survival of VEE virus infectivity was enhanced in the presence of histidine. Both saline and histidine preparations lacked plaque-forming capacity after irradiation tions of purified VEE virus was retained after irradiation at doses as high as 6,000,000 r. Histidine suspensions of purified VEE virus completely retained their capacity to produce hemagglutination and complement fixation. At 6,000,000 r, the dose at which all assay systems indicated complete loss of infectivity, titers were identical to those of nonirradiated control preparations. Saline suspensions were similarly active. Although frequently an initial decrease in titer occurred after exposure to low doses of gamma radiation (as indicated in the figure), inactivation did not continue linearly, and a high level of antigenicity was maintained throughout exposure to the higher doses. In these instances, at 6,000,000 r, 50% of the HA and CF properties were retained. More commonly, the saline-virus preparations behaved like those of histidine and no decrease in titer occurred at doses as high as 6,000,000 r. In vitro serology. Irradiated VEE antigens exposed to 6,000,000 r were employed in our laboratory in CF tests of several animal sera. Results were similar to those obtained with live virus preparations and with saline extracts of infected suckling mouse brains inactivated with 0.3% beta-propiolactone. No change in CF or HA titer was noted with column-purified antigens stored for 3 weeks at 5 C, and only a fourfold decrease in titer was noted after 10 weeks. Studies are currently in progress to evaluate the immunogenicity of these purified VEE virus preparations. DISCUSSION Since the initial description in 1958 of the use of ion-exchange adsorbents to purify and concentrate animal viruses (9), a wide variety of viruses, viral components, and viral antigens have been purified by DEAE cellulose chromatography (4, 8, 12, 13, 15, 17, 32) . With the arboviruses, however, most investigators using chromatography for purification have employed calcium phosphate (2, 28, 30) , and DEAE-cellulose has been only rarely used. Nicoli (16) Figure 1 illustrates the rise and fall of HA titer coincident with virus infectivity, and gradient elution data (Table 1) further substantiate this relationship over a range of salt concentrations. High, moderate, and low levels of HA were always obtained in eluants of high, moderate, or low levels of infectivity.
The elution of infectious VEE virus at several different salt concentrations during gradient chromatography indicates an apparently heterogeneous binding between the virus population and DEAE cellulose. Such heterogeneity may be a property of the adsorbent employed. Heterogeneous binding had not been reported for VEE virus but such a characteristic had been noted for elution of adenovirus type 2-infected tissue culture fluids from DEAE cellulose (17) . In that study, 15, 20, and 15 to 20% of the infectious virus was recovered by gradient elution at 0.5, 0.75, and 1.0 M salt concentrations, respectively. However, in contrast to this present work, the quantitative recovery of adenovirus was not obtained.
Two parameters were used in this study to monitor VEE virus purification by chromatography. With the first, optical density measurements at 280 nm during gradient elution verified the removal of substantial tissue culture material during adsorption and salt washing of the column before the specific elution of virus. Secondly, absorption spectra analysis at 260 and 280 nm of chromatographed preparations provided evidence suggesting purification of viral nucleic acid elements from contaminating proteins. The subsequent sedimentation of column-purified virus on sucrose cushions provides the final preparation with an additional degree of freedom from tissue culture contaminants.
Irradiation of VEE virus under conditions minimizing indirect radiation effects produced linear inactivation of virus infectivity. These re-sults are consistent with those reported previously for VEE virus (26) and for a variety of other viruses after gamma radiation, including vaccinia, St. Louis encephalitis, Western equine encephalitis (WEE), poliovirus (10), and rubella virus (11) . These data are also consistent with results obtained with several viruses irradiated in the fluid state, including influenza A and B, mumps, herpes simplex, and WEE (18, 21) . The level of radiation required to completely inactivate purified VEE virus is less than that previously reported for another VEE virus preparation (26) . However, this is in keeping with results of earlier studies demonstrating that several purified viruses were inactivated at lower doses than their respective crude preparations (10) . The reduction in the inactivation rate of infectious VEE virus provided by histidine agrees with results of prior studies with influenza A virus (19) . However, the potential protective effect of histidine on in vitro antigenicity was not determined, since the saline preparation itself frequently retained complete activity even after exposure to 6,000,000 r. ACKNOWLEDGMENT The valuable technical assistance of Duane Birrell is acknowledged.
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